The move from two to three dimensions in the study of electrical impedance tomography (EIT) has generated a great increase in computational demands. It is therefore interesting to investigate ways in which this demand can be reduced, and in this paper we have presented some results of one such approach. The NOSER algorithm was introduced some years ago and we have extended it to include more realistic electrode models. The main feature of the method is that by starting from a uniform conductivity distribution many quantities can be precalculated.
Introduction
After a number of years spent developing two dimensional image reconstruction algorithms for EIT, many groups are now turning their attention to the full three dimensional problem. In this case the computational demands become much greater and as a consequence we have investigated one algorithm which is able to transfer much of this computational effort to a pre-reconstruction time and thereby make three dimensional image reconstruction reasonably rapid. This algorithm is based on a method introduced some years ago by the EIT group at Rensselaer Polytechnic Institute [1] , [2] and [3] . It is referred to as NOSER standing for Newton's One-Step Error Reconstructor because it reconstructs the conductivity distribution within the object by taking one step of Newton's method for solving nonlinear equations [4] .
In NOSER, the object is subdivided into N volume elements in which we assume the conductivity to be constant. The objective of the image reconstruction algorithm is to determine these constants. NOSER uses a constant conductivity as an initial guess and consequently, many of the calculations involved in the reconstruction are analytical and the conductivity update is obtained by inverting one NxN matrix system. In our implementation of NOSER, the current drive electrodes are represented using the "gap" model [5] which, as opposed to the "continuum" model [5] , takes into account the discretization effects of the electrodes. We combine this model with trigonometric current patterns and find the potential in a body of constant conductivity in terms of a Fourier series. We present a reconstruction image obtained from numerical data.
The method
Let Ω be a right cylinder of radius R and whose boundary we denote by ∂Ω . If u is the electric potential and σ the electric conductivity, then the governing boundary value problem is :
where n denotes the unit outward normal to ∂Ω and j denotes the applied current density.
The curved boundary of the cylinder has attached to it L electrodes of equal size symmetrically placed and spaced in a number of horizontal bands. Given the current input and voltage measurements on these electrodes, our goal is to reconstruct the conductivity distribution within the cylinder. To ensure a good spatial resolution in the image, we apply a set of L −1 different current patterns
# through the L current drive electrodes and make corresponding voltage measurements
electrodes. We choose to make the voltage measurements at the center of the current electrodes. We also choose to apply a basis of trigonometric current patterns. We do this for simplicity knowing that any other basis can be decomposed into linear combination of the trigonometric ones we use. We denote
, , the voltage pattern that is produced by the k th current pattern given a particular conductivity estimate σ. The aim of our inverse problem is to find the conductivity σ that
. In this work, we model the conductivity distribution by dividing the cylinder into N voxels in which we assume the conductivity to be constant. Therefore, we write σ in the form :
where χ n is the characteristic function for the n th voxel.
Our inverse problem thus becomes that of finding the optimal 8 n n N for 1, , .
One way of achieving this is to use the method of least squares [4] which consists of minimizing the error :
At a minimum : on the mesh geometry and can be precomputed and stored. Therefore, the main computation becomes the relatively inexpensive solution of the linear system.
In [2] and [3] , NOSER is used in conjunction with the "continuum " electrode model. The "continuum" model for boundary condition (1) assumes the current density on the boundary to be continuous which makes it simple to implement. Here, we make use of the "gap" model which includes the effect of discretization of the current patterns. This model assumes that the current density is constant over the surface of each electrode and zero in all the gaps between electrodes. This gives a better representation of reality and consequently artifacts along the boundary are reduced. In addition, boundary mesh elements do not need to be fitted to the electrodes. The potential in a cylinder of constant conductivity is then expressed as a Fourier series related to the Fourier series for the applied current density. The analysis becomes much more complicated than the case where the continuum model is used as most of the quantities involved are expressed in terms of a Fourier expansion. However, because of the symmetry of the problem, a large proportion of these Fourier coefficients are zero and therefore calculations involving the series can be achieved at reasonable computational cost.
Numerical results
In this section, we present an image reconstructed by our three dimensional algorithm using numerical data.
We consider a cylinder of radius 15 cm and 26 cm high. On the boundary of the cylinder, we place 4 bands of 16 electrodes which are equally spaced in each of the bands and 5 cm square. The cylinder is discretized into 464 voxels and the background conductivity is set to 9 : m The conductivity distribution reconstructed by our three dimensional image reconstruction software is shown in 
Conclusions
In this work we have extended previous work on the three dimensional NOSER algorithm to include the 'gap' electrode model. We have seen how the use of symmetry can reduce much of the work needed in the precalculations. The images obtained using this method are quite reasonable and the method can be extended to include the 'hybrid' electrode arrangement where the voltage measurements are made in between the current electrodes.
